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Using the effective Lagrangian approach, we study the decay behavior of the newly observed B(5970) meson,
which is assigned as the 23S 1 state in the B meson family. A more important prediction is the detailed informa-
tion of the partial and total decay widths of B(21S 0), Bs(21S 0) and Bs(23S 1) as the spin and strange partners of
B(5970), which can be tested in future experimental searches for these missing states.
PACS numbers: 14.40.Lb, 12.38.Lg, 13.25.Ft
The experimental status of the present B meson family is
very similar to those of charmed and charmed-strange meson
families in 2003. In the past decade, more and more charmed
and charmed-strange mesons were observed, which have stim-
ulated our extensive discussions (see Ref. [1] for a concise re-
view). As shown in the particle data group (PDG) [2], the S -
wave B and Bs mesons were well established. In the past eigh-
teen years, some candidates for the P-wave B and Bs mesons
were reported in Refs. [3–11], where we notice that CDF,
D0 and LHCb had made large contributions to these observa-
tions. However, the radial excitations of the B meson family
have been absent untill B(5970)+/0 [12] is observed.
The CDF Collaboration has very recently announced the
evidence of a new resonance B(5970)+/0 in the B0π+/B+π−
invariant mass spectrum [12]. The information of its mass
and width gives
MB(5970)0/ΓB(5970)0 = 5978 ± 5 ± 12/70 ± 18 ± 31 MeV,
MB(5970)+/ΓB(5970)+ = 5961 ± 5 ± 12/60 ± 20 ± 40 MeV,
which correspond to neutral and charged B(5970), respec-
tively. The observation of B(5970) enriches the spectrum of
the B meson family.
There are many theoretical studies of bottom and bottom-
strange mesons before observing B(5970), where the masses
and decay behaviors of some B and Bs mesons are studied
by using different models [13–24]. A recent paper of Ref.
[25] performed a systematical study of the mass spectrum
and strong decay of B mesons and Bs mesons, which is in-
spired by the newly observed B(5970), where the relativistic
quark model [13] and the quark pair creation (QPC) model are
adopted in the calculation. See also Ref. [26] on the relativis-
tic chiral particle decay of heavy-light mesons.
A further study of B(5970) by other approaches is still
an interesting research topic because it not only tests the
former theoretical study of B(5970) but also helps us learn
the model dependence of the corresponding results. Finally,
this study can deepen our understanding on the properties of
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B(5970). Considering the above reasons, we investigate the
Okubo-Zweig-Iizuka (OZI) allowed two-body strong decays
of B(5970) by the effective Lagrangian approach in this pa-
per, where B(5970) is regarded as the first radial excitation
of B∗(5325). This assignment is due to the fact that the pro-
cess B(5970) → Bπ is reported [12] and the mass value of
B(5970) [12] is very close to that of B(23S 1) meson given in
Refs. [13, 14, 18, 20, 23, 25]. Calculating the ratios of the
partial decay widths of B(5970) and combining them with the
experimental total width of B(5970), we can give the detailed
information of the partial decay widths of B(5970), which is
valuable for further experimental study on B(5970). Besides
the observed B(5970), there exists its spin partner B(21S 0),
which is still missing in experiment. Thus, its identification in
future experiment is an important task. In this work we pre-
dict the decay behavior of B(21S 0). In addition, we also focus
on the decay behavior of the strange partners of B(5970) and
B(21S 0), which give crucial information to future experimen-
tal search for these two bottom-strange mesons. In the follow-
ing, we will present the details of how to estimate the decay
widths of these states.
In this work, we adopt the effective Lagrangian approach to
study the OZI allowed strong decays of B(5970), B(21S 0) and
their strange partners.
For the heavy-light meson containing one heavy quark
Q = c or b, there exist heavy quark limit and chiral symmetry.
Thus, the heavy quark effective theory (HQET) is applied to
well describe the properties of heavy-light mesons (see Ref.
[27] for a detailed review). Similar to a hydrogen atom, the
heavy-light meson is treated as a system, where the heavy
quark is a static color source in the infinite heavy quark mass
limit and the remaining light quark interacts with this color
source. In the heavy quark limit, the spin of the heavy quark
is separated from the angular momentum of the light degrees
of freedom, which is conserved separately. For a heavy-light
meson system, there exists so called the heavy quark spin-
flavor symmetry.
This symmetry makes the heavy-light mesons depend only
on light degrees of freedom, which allows us to group the
mesons into different doublets. Denoting a heavy-light me-
son as Qq, the total angular momentum can be expressed as
~J = ~sQ + ~jℓ. Here, ~sQ is the heavy quark spin while ~jℓ is
the sum of the light quark spin and orbital angular momen-
tum, i.e., ~jℓ = ~sq + ~ℓ, which in fact corresponds to the angular
2momentum of light degrees of freedom. Consequently, two
S -wave states with ℓ = 0 have jP
ℓ
= 1/2−, which can be as-
signed to a doublet with JP = (0−, 1−). The P-wave states with
ℓ = 1 form two doublets with JP = (0+, 1+) and JP = (1+, 2+),
which correspond to jP
ℓ
= 1/2+ and jP
ℓ
= 3/2+, respectively.
For D-wave states with ℓ = 2, we find two independent results
of jP
ℓ
, i.e., jP
ℓ
= 3/2− and jP
ℓ
= 5/2−, where the corresponding
doublets are JP = (1−, 2−) and JP = (2−, 3−). The same clas-
sifications of heavy-light mesons can be naturally applied to
the corresponding radial excitations.
By adopting the above approach, it is convenient to com-
bine two meson fields into one doublet, where this effective
doublet field is a 4 × 4 matrix [28]. Let us denote Ha, S a, and
Ta as the doublet meson fields corresponding to jPℓ = 1/2−,
1/2+ and 3/2+ [29], respectively, i.e.,
Ha =
1 + v/
2
[P∗aµγµ − Paγ5],
S a =
1 + v/
2 [P
′
1aµγ
µγ5 − P∗0a],
T µa =
1 + v/
2
P∗µν2a γν − P1aν
√
3
2
γ5
[
gµν − γ
ν
3 (γ
µ − vµ)
] ,
where a = u, d, s is the flavor index and v is the meson four-
velocity. The field operators contain a factor √mP and have
dimension 3/2, where mP denotes the degenerate mass of the
corresponding meson doublet.
When considering the heavy-light meson decays with the
emission of a light pseudoscalar meson, we also need to in-
troduce a chiral field ξ = eiM/ fπ , where M is a matrix of the
octet of light pseudoscalar mesons with fπ = 132 MeV. Thus,
the strong interaction of heavy quark mesons with light pseu-
doscalar mesons can be described by an effective Lagrangian
with both chiral symmetry and spin-flavor symmetry. In the
following, we give the effective Lagrangians of decay process
A → H + M, where A = H′, S and T , and M denotes a light
pseudoscalar meson. H′ is the first radial excitations of S-
wave states. At the leading order of the heavy quark mass and
the light meson field expansion, we can write out the interac-
tion terms in the Lagrangian [30, 31]:
LH′→H+M = g Tr[ ¯HaH′bγµγ5Aµba], (1)
LS→H+M = h Tr[ ¯HaS bγµγ5Aµba] + h.c., (2)
LT→H+M = h
′
Λχ
Tr[ ¯HaT µb (iDµ /A + i /DAµ)baγ5] + h.c., (3)
where Aµba = i2
(
ξ†∂µξ − ξ∂µξ†
)
ba
and Dµ is the co-
variant derivative Dµba = −δba∂µ + Vµba with Vµba =
1
2
(
ξ†∂µξ + ξ∂µξ†
)
ba
. In the above expressions,Λχ is the chiral
symmetry breaking scale. The coupling constants g, h, h′ are
unknown, which can be determined by the experimental data
and/or theoretical calculation. It is noticeable that the conju-
gate field operator ¯H creates a doublet H field. These effective
Lagrangians are invariant under both chiral transformation of
the light chiral fields and the spin-flavor transformation of the
heavy quark field.
Before illustrating the calculation of the OZI allowed two-
body decays of B(5970) and its partners, we first list their
allowed decay channels in Table I. For these allowed decay
channels of B(5970), B(21S 0), Bs(23S 1) and Bs(21S 0), we
take the predicted masses in Ref. [13] as input if these bot-
tom and bottom-strange mesons in the corresponding decay
channels are missing in experiment.
TABLE I: The allowed decay channels of B(5970), B(21S 0),
Bs(23S 1) and Bs(21S 0). Here, we use √ and – to denote the allowed
and forbidden decay modes, respectively. In addition, we adopt
1P(1+) and 1P′(1+) to distinguish two 1+ states with the (0+, 1+) and
(1+, 2+) doublets, respectively.
Channels B(5970) B(21S 0) Channels Bs(21S 0) Bs(23S 1)
πB
√
– KB –
√
πB∗
√ √
KB∗
√ √
ηB
√
– ηBs –
√
ηB∗
√ √
ηB∗s
√ √
KBs
√
– K∗B – –
KB∗s
√
– K∗B∗ – –
πB(13P0) – √ KB(13P0) – –
πB(13P2) √ √ KB(13P2) – –
πB(1P(1+)) √ – KB(1P(1+)) – –
πB(1P′(1+)) √ – KB(1P′(1+)) – –
In the following, we apply these effective Lagrangians
to study the strong decay behaviors of B(5970), B(21S 0),
Bs(23S 1) and Bs(21S 0).
As mentioned above, we treat B(5970) as the first radial
excitation of B∗(5325) with spin-parity JP = 1−. Thus, the
discussed B(5970) in this work belongs to H′ doublet with
jPℓ = 1/2−. As shown in Table I, there are nine allowed
decay channels for B(5970). Since B(5970) → πB(13P2)
occurs via D-wave contribution and with small phase space,
the partial decay width of this process should be suppressed.
Although B(5970) → πB(1P(1+)), πB(1P′(1+)) are pure S -
wave decays, there still exists a suppression factor due to their
own small phase space. Taking into account these considera-
tions, we consider the following decay processes: B(5970) →
Bπ, Bη, BsK, B∗π, B∗η, B∗sK. We define five ratios: R1 =
Γ(B(5970)→B∗π)
Γ(B(5970)→Bπ) , R2 =
Γ(B(5970)→Bη)
Γ(B(5970)→Bπ) , R3 =
Γ(B(5970)→BsK)
Γ(B(5970)→Bπ) , R4 =
Γ(B(5970)→B∗η)
Γ(B(5970)→Bπ) , and R5 =
Γ(B(5970)→B∗sK)
Γ(B(5970)→Bπ) with Bπ = B
0π++B+π0,
B∗π = B∗0π+ + B∗+π0, K = K+ for a charged B(5970), and
Bπ = B0π0 + B+π−, B∗π = B∗0π0 + B∗+π−, K = K0 for a
neutral B(5970).
Using the effective Lagrangian shown in Eq. (1), we de-
duce the general expressions for the partial widths of B(5970)
decays into B(∗)(s) plus a light pseudoscalar meson, i.e.,
Γ(B(5970) → HPP) = CP g
2
6π f 2π
MHP
MB(5970)
|~q|3, (4)
Γ(B(5970) → HV P) = CP g
2
3π f 2π
MHV
MB(5970)
|~q|3, (5)
with |~q| =
[
λ(M2B(5970), M2P, M2HP(V) )
]1/2
/2MB(5970), where
3λ(a, b, c) = a2+b2+c2−2ab−2ac−2bc is the Ka¨llen function.
In Eqs. (4)-(5), HP/HV stands for a heavy pseudoscalar/vector
meson while P denotes a light pseudoscalar meson. The coef-
ficient CP depends on the concrete light pseudoscalar meson,
i.e., Cπ+ = 1, CK+ = 1, Cη = 2/3 or 1/6, Cπ0 = 1/2, and
CK0 = 1. We should notice that these five ratios are indepen-
dent on the coupling constant g.
TABLE II: The calculated ratios of B(5970)+ and B(5970)0 and the
comparison with the result in Ref. [25].
This work
Ref. [25]
B(5970)+ B(5970)0
R1 1.64 ± 0.01 1.65 ± 0.01 2.53
R2 0.025 ± 0.003 0.028 ± 0.003 0.13
R3 0.084 ± 0.017 0.096 ± 0.016 0.05
R4 0.026 ± 0.006 0.031 ± 0.006 0.22
R5 0.061 ± 0.026 0.080 ± 0.027 0.06
With the above preparation, we can estimate the values of
ratios Ri (i = 1, · · · , 5), which are listed in Table II, where the
errors are from the experimental one for the mass of B(5970)
[12]. The results in Table II reveal Bπ and B∗π are the main
decay channels of B(5970). In addition, we also find that its
partial decay widths of other decay channels are quite small
due to the small phase space. At present, B(5970) was only
reported in its Bπ decay channel. Thus, we suggest the exper-
imental search for B(5970) via its B∗π channel. In addition, it
is worthwhile to notice that some results shown in Table II are
comparable with those given in Ref. [25] (see Table II for the
details), where the QPC model is adopted.
Assuming that the sum of these partial decay widths of dis-
cussed five decay modes is a dominant contribution to the total
width of B(5970), we can give the information of the branch-
ing fractions of these five partial decays using the ratios listed
in Table II, whose concrete results are given in Table III.
By combining the experimental width of B(5970) with the
obtained branching ratios, the universal coupling constant g in
Eqs. (4)-(5) can be extracted as
g = 0.148 ± 0.009. (6)
We notice that there were discussions of the similar coupling
constants in Refs. [31, 32]. Our g value is comparable with
the results given in these references. The value of g is impor-
tant to estimate the decay behavior of B(21S 0), Bs(21S 0) and
Bs(23S 1). In the following subsections, we will further predict
the total and partial decay widths of these B/Bs mesons.
We need to emphasize that in this work we extract the g
value given by Eq. (6) by using the leading-order formula
[15]. As indicated in Ref. [33], the one-loop chiral correc-
tion can be important to obtain the bare g. A pion, emitted in
the transition B(5970) → Bπ, has energy of about 550 MeV,
which assures that correctionsO(pπ/Λ) to the presented decay
rates, both from higher-order operators (which would intro-
duce new terms to Eqs. (1)-(3), suppressed by powers of 1/Λ,
where Λ is a chiral scale) and from the chiral loops would be
very large. These effects can be considered in future work if
more information on B meson strong decays can be provided,
which is also an intriguing research topic.
It is interesting in studying B(21S 0), which is the spin part-
ner of B(5970). Until now, B(21S 0) is still absent in ex-
periment. Thus, the prediction of its partial and total decay
widths can provide abundant information to future experimen-
tal study of B(21S 0). The OZI allowed strong decay modes of
B(21S 0) are listed in Table I. The mass of B(21S 0) is taken as
5890 ± 30 Mev which covers the theoretical predictions of its
mass in Refs. [13, 18, 20, 23, 25].
Considering the small phase space of B(21S 0) →
πB(13P0), πB(13P2), we do not include these two decays in
our study. The relevant decay channels in this work are
B(21S 0) decaying into B∗0π+, B∗+π0 and B∗+η. Thus, we write
out the general expression for these three decays
Γ(B(21S 0) → HV P) = CP g
2
2π f 2π
MHV
MB(21S 0)
|~q′|3, (7)
where |~q′| has the same form as that in Eqs. (4)-(5).
Treating the sum of the partial decay widths of discussed
three decay channels as the total width of B(21S 0), we ob-
tain the information of branching ratios of B(21S 0)+ →
B∗0π+, B∗+π0, B∗+η which are (66.3 ± 0.2)%, (33.4 ± 0.1)%,
(0.3± 0.3)%, respectively. The numerical result indicates that
B∗π is the dominant decay channel of B(21S 0). Hence, it is
suitable to search for the missing B(21S 0) in the B∗π decay
mode.
Besides giving the partial decay widths of B(21S 0), we can
also get the total width of B(21S 0) by adopting the g value in
Eq. (6) as the input, i.e., Γ(B(21S 0)+) = 40 ± 11 MeV, which
shows that B(21S 0) has a narrow width. This prediction can
be tested by future experiment since it is not difficult to detect
a narrow state. In addition, we also compare the above total
width of B(21S 0) with the former theoretical prediction in Ref.
[25], where our partial and total widths are consistent with
their results. Here, we need to emphasize that the estimated
total width of B(21S 0) does not include the contribution from
the B(21S 0) → B(13P0)π, B(13P2)π decays since these two
decay modes are suppressed by the small phase phases.
There are the strange partners of B(5970) and B(21S 0),
which correspond to Bs(23S 1) and Bs(21S 0), respectively. If
taking the masses of Bs(23S 1) and Bs(21S 0) to be 6000 ± 30
MeV and 5980 ± 30 MeV, respectively, which can cover for-
mer theoretical values of the masses of Bs(23S 1) and Bs(21S 0)
predicted in Refs. [13, 18, 20, 23, 25], the OZI allowed two-
body strong decays are given in Table I.
For Bs(21S 0), we consider the following decay channels
Bs(21S 0) → B∗K, B∗sη. The partial and total decay widths can
be obtained by using Eq. (7). For Bs(23S 1), the allowed de-
cay channels are BK, B∗K, Bsη, B∗sη, where the correspond-
ing partial and total widths are calculated by using Eq. (4).
Since we can adopt the same approach as that used in study-
ing B(5970) and B(21S 0), we do not describe the details here.
4TABLE III: The obtained branching fractions of B(5970)+ and B(5970)0.
B(5970)+ → B+π0 B0π+ B∗+π0 B∗0π+ B+η BsK+ B∗+η B∗sK+
Branching ratio (11.8 ± 0.3)% (23.5 ± 0.5)% (19.4 ± 0.3)% (38.5 ± 0.6)% (0.9 ± 0.1)% (3.0 ± 0.5)% (0.9 ± 0.2)% (2.1 ± 0.9)%
B(5970)0 → B0π0 B+π− B∗0π0 B∗+π− B0η BsK0 B∗0η B∗sK0
Branching ratio (11.6 ± 0.3)% (23.1 ± 0.5)% (19.1 ± 0.3)% (38.1 + ±0.6)% (1.0 ± 0.1)% (3.3 ± 0.5)% (1.1 ± 0.2)% (2.8 ± 0.9)%
The obtained results are shown in Table IV. The results in Ta-
ble IV indicate:
1. B∗K is the dominant decay channel for Bs(21S 0), while
BK, B∗K are the dominant decay channels for Bs(23S 1).
2. Both Bs(21S 0) and Bs(23S 1) are narrow states. Hence,
experimental searches for these two missing states are
possible by searching for their dominant decay modes.
It is also apparent that the total decay width of Bs(21S 0) or
Bs(23S 1) is smaller than that of B(21S 0) or B(5970), which
can be well understood. This is because as for the decays
of Bs(21S 0) or Bs(23S 1), the corresponding phase space is
smaller than that of B(21S 0) or B(5970). We take the same
g value when discussing these bottom and bottom-strange
mesons.
We need to emphasize that the error estimates in Tables II-
IV are not taking into account possible very large effects from
chiral corrections and only deal with uncertainties on the input
parameters.
In summary, stimulated by recent observation of B(5970)
[12], we have carried out the investigation of B(5970) and its
spin partner B(21S 0) using the effective Lagrangian approach.
In this study, we have obtained the information of the par-
tial decay widths of B(5970). What is more important is that
we have extracted the value of the universal coupling constant
g, which has been applied to estimate the decay behavior of
B(21S 0). The similar approach has been applied to study the
strange partners of B(5970) and B(21S 0), both of which are
also missing in experiments. We have obtained the partial and
total decay widths of Bs(21S 0) and Bs(23S 1), which can be
tested in future experiment.
The observation of B(5970) has opened a window to find
the radial excitations of bottom and bottom-strange mesons. It
is an exciting time of searching for higher bottom and bottom-
strange mesons. We also expect more experimental progresses
on this research field, especially at LHCb, CDF, and D0.
Note added: After completing this work, a theoretical pa-
per on B1(5721), B2(5747), Bs1(5830), Bs2(5840) and B(5970)
has appeared by using the heavy meson effective theory [34],
where their strong decay behaviors are given.
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